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BACKGROUND

Maraviroc, a noncompetitive antagonist of the CCR5 coreceptor, was recently approved in the USA as a treatment of HIV infection.
For antiretroviral agents that target the virus, antiviral effect can be related to some extent to plasma drug concentrations. For CCR5
antagonists that target the host cells, receptor occupancy in vivo might be a better predictor of efficacy.

AIMS

To develop a population pharmacokinetic (PK)-pharmacodynamic (PD) model that describes CCR5 receptor occupancy by maraviroc
after oral administration at different doses in healthy volunteers and HIV-positive patients and to assess the relevance of receptor
occupancy in predicting the decrease in viral load (HIV-1 RNA copies ml™") in HIV-positive patients.

METHODS

Receptor occupancy data from 88 individuals enrolled in two multiple dose trials were included in the population PK-receptor binding
model. Out of the 88 individuals, 25 were HIV-1-infected patients and had viral load measurements, whereas the remaining 63 were
healthy volunteers. Doses ranged from 3 mg b.i.d. to 600 mg g.d. A previously published PK-PD disease model describing the effect of
maraviroc on the viral load was updated by replacing its PD module by the receptor occupancy model. Simulated viral load—-time
profiles with the updated model were compared with the profiles observed in patients.

RESULTS

The majority of measured plasma concentrations were associated with receptor occupancy =50% even at the lowest dose of 3 mg
b.i.d. A simple direct En.x model appeared to describe satisfactorily the PK-receptor occupancy relationship. The estimated Ky was
around 0.0894 ng ml™', far below the operational in vivo antiviral ICs, of 8 ng ml~". Accordingly, simulations led to marked overprediction
of the decrease in viral load-time profiles.

CONCLUSIONS

Maraviroc receptor occupancy close to the maximum is required to induce a significant decrease in viral load, indicating that in vivo
CCR5 receptor occupancy by maraviroc is not a direct measure of drug inhibitory activity. Considering the imprecision of the
measurement in the upper flat part of the maraviroc concentration vs. percent CCR5 occupancy curve, it can reasonably be concluded
that routine monitoring of receptor occupancy as a biomarker for maraviroc efficacy will not be helpful. Based on this analysis, it was
decided not to use receptor occupancy as a biomarker of viral load inhibition during the development of CCR5 antagonist compounds.

86 / Br ] Clin Pharmacol / 65:Suppl. 1 / 86-94 © 2008 Pfizer Inc.
Journal compilation © 2008 Blackwell Publishing Ltd


mailto:rosario@pfizer.com

Population PK/PD analysis of receptor occupancy of maraviroc BJCP

Introduction

Maraviroc is a selective, small molecule noncompetitive
(with respect to chemokine and cognate ligand) CCR5
antagonist with potent in vivo anti-human immunodefi-
ciency virus (HIV) activity. In HIV-1-infected patients,
maraviroc given as monotherapy for 10 days reduced
HIV-1 viral load by up to 1.6 log, copies [1]. The use of
biomarkers in drug development has received much atten-
tion over the years. The validation of the biomarkers with
clinical outcomes is necessary before the biomarker can be
used as a decision-making tool in drug development. For
an antiretroviral agent that targets the virus directly, there
is a direct relationship between antiviral effects, as mea-
sured by a decrease in plasma HIV-1 RNA level, and plasma
drug concentrations, so dose selection is based on the
in vitro concentrations, which resulted in 50% (ICso) and
90% (ICg) inhibition of viral replication. However, for a
CCR5 antagonist drug an argument can be made that satu-
ration of the CCR5 receptor could be a better predictor of
efficacy.

A MIP-1B (natural ligands of CCR5) internalization assay
was developed to evaluate ex vivo occupancy of the CCR5
receptor during treatment with maraviroc and was
included in the early clinical development plan of maravi-
roc [2]. Maraviroc binds to CCR5 coreceptors on CD4+ cells,
blocking HIV entry into the cell./n vitro studies have shown
that maraviroc has insurmountable antagonistic activity
against human CCR5 in a CRE-luciferase reporter gene
assay and exhibits a slow physical dissociation from recep-
tors [3]. The pharmacology, antiviral properties, selectivity
and preclinical pharmacokinetics (PK) of maraviroc are
described elsewhere [4, 5].

A PK-pharmacodynamic (PD) disease model has been
developed previously to aid design of a 10-day mono-
therapy study with maraviroc in HIV-1-infected patients
[6]. In that model, the PD effect of maraviroc was empiri-
cally described using an inhibitory maximum effect (Emax)
model acting on the infectivity rate of the virus.The model
was later updated with data from further HIV-1-infected
patients and the updated ICs, parameter was estimated to
be around 8 ng ml™" [7].

This study describes the development of a population
PK-PD model of maraviroc concentration and receptor
occupancy data obtained after multiple-dose administra-
tion of maraviroc in healthy volunteers and HIV-1-infected
patients and the assessment of the relevance of this model
in predicting the clinical outcome (decrease in viral load) in
HIV-1-positive patients.

Methods

Study designs
Data were obtained from two double-blind, placebo-
controlled, randomized, multiple-dose studies in healthy

volunteers and HIV-positive patients following oral admin-
istration of maraviroc.

Healthy volunteer study (study A4001002) This was a
study of six cohorts where 65 healthy volunteers received
maraviroc 3 mg, 10 mg, 25 mg, 100 mg, 300 mg b.i.d. and
600 mg q.d.or placebo for 12 days. Only the morning dose
of maraviroc was administered on day 1 and day 12. No
dose was administered on day 2. On days 3-11, maraviroc
was given in the morning and in the evening (12 h apart)
for the b.i.d. regimen and in the morning only for the g.d.
regimen. The study took place in the Pfizer Research Clinic
(Hospital Erasme, Brussels, Belgium). Full PK profiles were
obtained on days 1,7 and 12 and predose samples on days
2-6and 8-11.Blood samples were taken for receptor occu-
pancy analysis on day 1 at predose and at4,12,24and 48 h
postdose, on day 3 at 4 h post morning and evening doses,
day 4-11 at 2 h post morning dose and day 12 at predose
and 8, 12, 24,48,96, 120 and 144 h postdose. For the 3-mg
and 10-mg b.i.d. dose groups, blood samples were taken
on day 1 predose and at 4, 8, 12, 18, 24 and 48 h postdose,
day 3 at 4 h post morning and evening dose, days 4-11 at
2 h post morning dose and day 12 at predose and 8,12, 24,
48,96, 120 and 144 h postdose. For the 300-mg b.i.d. and
600-mg g.d. dose groups no blood samples were taken for
receptor saturation determination.

Patient study (two arms of study A4001007 only) This
was a multicentre study of 25 asymptomatic HIV-1-
infected male or sterilized female patients to investigate
the PK and PD of maraviroc following the administration
of maraviroc 100 mg b.i.d. or 25 mg q.d. or placebo for
10 days. Patients were either antiretroviral drug-naive or
had been off antiretroviral treatment for a minimum of
8 weeks prior to enrolling in the study. Patients had plasma
HIV-1 RNA =5000 copiesml™ and CD4 cell count
>250 cells mm~ and CCR5-tropic virus only as determined
by a recombinant virus entry assay (Monogram Bio-
sciences PhenoSense® Entry Assay, San Francisco, CA, USA).
Full PK profiles were taken on days 1 and 10. In addition,
morning predose samples were taken on days 2-9. Blood
samples were taken for receptor occupancy analysis on
day 1 at predose and 4 h post morning dose, on day 5 at
pre morning dose, on day 10 at predose, on days 11,13,15
and 19 in the mornings and during follow-up. Plasma HIV-1
RNA levels were evaluated using the Roche Amplicor v1.5
reverse-transcriptase polymerase chain reaction assay
(Roche Diagnostics) at three prestudy visits (screening, ran-
domization and at baseline), from day 2 through to day 13,
and on days 15, 19, 22, 25 and 40 after the start of the
treatment.

Local independent ethics committees approved both
study protocols, and all subjects voluntarily provided
informed consent according to the Declaration of Helsinki,
1989 (Revised Edinburgh, October 2000), and to local laws
and regulations relevant to the use of new therapeutic
agents in the countries of conduct.
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Maraviroc concentration measurements Plasma concen-
trations were analysed by a centralized laboratory
(Maxxam Analytics, Inc., Mississauga, ON, Canada) using
high-performance liquid chromatography-tandem mass
spectrometry. The lower limit of quantification for maravi-
roc plasma concentration was 0.5 ng ml™', except for mea-
surements made in the 3-mg and 10-mg treatment arms
from study A4001002, where the lower limit of quantifica-
tion was 0.1 ng ml™".

Receptor occupancy (MIP-1p internalization assay) CCR5
occupancy was determined using flow cytometry using a
fluorescently labelled anti-CCR5-specific monoclonal anti-
body (2D7), whereby occupancy was defined as a ratio of
detectable CCR5 on CD4+ T cells following ex vivo chal-
lenge with MIP-1f.Samples incubated with excess maravi-
roc were used to define the total CCR5 expression given
the fact that once bound to maraviroc the receptor
remained on the surface of the CD4 T cells and was not
internalized on stimulation with MIP-1B. Conversely, CCR5
on untreated CD4 T cells was rapidly internalized by MIP-
1B.In order to prevent changes in CCR5 expression due to
storage and shipping of unprocessed peripheral blood
mononuclear cells, the samples were processed according
to a standardized experimental MIP-1f internalization pro-
tocol at the clinical site within 60 min of collection and
fixed in formaldehyde.Samples were shipped at 2-8 °Cto a
centralized assay laboratory (Esoterix Inc., Groningen, the
Netherlands) within 24 h for flow cytometric assessment.
Receptor occupancy was reported as the percentage of
cell-surface-expressed CCR5 on peripheral blood lympho-
cytes (PBLs) that could not be downregulated when PBL-
enriched plasma from patients was incubated ex vivo with
recombinant MIP-1f.The percentage receptor occupancy
was calculated using expression data obtained for PBL ali-

Table 1

quots incubated with chemokine in the presence of 1 um
of maraviroc and in the absence of additional amounts of
maraviroc [1]. This receptor occupancy assay is associated
with an apparent background receptor binding of approxi-
mately 25%, due to a fraction of labelled antibody signal
being observed following MIP-1f incubation.

Data analysis

One HIV-positive patient, in the 25-mg qg.d. treatment arm,
withdrew from the study on day 1. The patient had PK
measurements taken, but no receptor occupancy or viral
load information, and was therefore included in the popu-
lation PK analysis only. Another patient was excluded from
the viral load analysis as he was found to have dual/mixed
tropic virus at baseline [1]; the data from this patient were
included in the PK and receptor occupancy analysis only.
The final dataset consisted of 2770 maraviroc blood
sample measurements and 851 receptor saturation mea-
surements. A description of data used in the analysis is
presented in Table 1.

A population PK-PD analysis was performed using the
software package NONMEM, version V level 1.1 and the
NM-TRAN subroutines version Ill level 1.1,and the PREDPP
model library, version IV level 1.1 [8]. The first-order estima-
tion method was used. The statistical package S-PLUS®
(version 6.2, Professional edition; Insightful, Seattle, WA,
USA) was used during exploratory analysis. Simulations
were performed using the Trial Simulator software, TS2®
(version 2.1.2; Pharsight Corp., Mountain View, CA, USA).

Model development

Exploratory analyses were performed initially to ascertain
the appropriate model structures for the PK and receptor
occupancy data. Subsequently a simultaneous population
PK-receptor occupancy analysis was carried out, first with

Number of subjects per treatment arm with PK and PD measurements (receptor occupancy and viral load) available in studies A4001002 and A4001007

(preliminary)

Number of individuals (n = 88)

Healthy Volunteers (n = 63) Placebo
3 mg b.i.d.
10 mg b.i.d.
25 mg b.i.d.
100 mg b.i.d.
300 mg b.i.d.
600 mg g.d.
Total

Patients (n = 25) Placebo
25mg q.d.
100 mg b.i.d.
Total

Receptor occupancy Viral load
- 8 —
5 5 -
5 5 -
9 9 -
9 9 -
9 — —
18 - -
55 36
- 8 8
9* 8 8
8 8 7t
17 24 23

*QOne patient had PK measurements only on day 1 and no receptor occupancy measurements. tOne patient was excluded from viral load analysis because he did not meet the

inclusion criteria.
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the data from study A4001002 only and second, with the
combined data from studies A4001002 and A4001007.

During the exploratory PK analysis, different structural
models were tested, coupled with exponential models to
account for interindividual variability (IIV) in the PK param-
eters. Both sides log-transformation with additive residual
error model was used. A two-compartment disposition
model was found to best describe the data.

During the exploratory receptor occupancy data analy-
sis the potential need for an effect compartment was
assessed. Further, different structural models that
accounted for background receptor binding were tested.
The selected receptor occupancy model was a simple
binding model with baseline that directly linked the
plasma concentration of maraviroc to receptor occupancy
(Equation 1).

Bmax'C
Kp+C

Occ=B,+ (1)

where Occ is the overall receptor occupancy expressed in
percentage of the maximum binding (Bmax), C is the plasma
concentration (predicted or measured) of maraviroc; By is
the background receptor occupancy at baseline; and Kp is
the concentration of maraviroc that results in 50% receptor
occupancy. The IIV in PD parameters was assumed to
follow a log-normal distribution except for Bmay, which was
considered not to have IIV (since Occ was expressed in
percentage of the maximum binding). An additive residual
error model for receptor occupancy data was used.

Model diagnostics

Basic goodness-of-fit plots, including population and indi-
vidual predictions vs. observed concentrations and the dis-
tribution of the weighted residuals over time, were used for
diagnostic purposes. Changes in the objective function
value (OFV) were also used to aid model selection.The OFV
is proportional to —2 times the log-likelihood, and the dif-
ference in OFV between two nested models (the more
complicated model can be reduced to the simpler one) is
approximately y? distributed. A difference >3.84 in OFV
(one degree of freedom) is significant at the 5% level. The
difference in OFV cannot be used for formal testing for
non-nested models, but it was considered that a smaller
OFV for models with the same number of parameters rep-
resented an improvement in the description of the data.

Covariate analysis

To assess whether additional variables influenced the
receptor occupancy response, individual empirical Bayes
estimates of the parameters were generated from the
‘basic’ model (without covariate), and plots of the differ-
ence between these and the population estimates vs.
covariates were constructed to visualize potential relation-
ships. Covariates were first assessed univariately in the
model,and ranked according to the drop in objective func-

tion value (AOFV). Variables were then included in the
model in a stepwise fashion, in descending order of AOFV.
Only variables producing a decrease in OFV >3.84 on inclu-
sion were retained in the model. When no more covariates
could be included based on this criterion, backwards dele-
tion was carried out. A stricter criterion was then applied,
only retaining physiologically plausible covariates associ-
ated with an increase in the OFV of >10.83 on their exclu-
sion.To be retained in the final model the 90% confidence
interval of the covariate effect should notinclude a param-
eters value of zero. The covariates tested were creatinine
clearance, albumin, bilirubin, transaminases (aspartate
aminotransferase and alanine aminotransferase) and alka-
line phosphatase.

Model qualification

The mean population PK model and mean parameter esti-
mates were implemented in the TS2® software and a visual
predictive check was performed by comparing mean
simulated and measured concentration-time profiles.
Similarly, the simulated receptor occupancy vs. time pro-
files were compared with those observed.

Model assessment

Simulations were performed using a PK-PD disease model
published previously [6]. The existing PK-PD disease
model was adapted by replacing the original PD model
with the receptor occupancy model developed in the
present analysis. Simulations based on the population
mean parameters were performed; no variability was
included in the simulation model. In the adapted PK-PD
disease model the inhibition (antagonism) of the infectiv-
ity rate by maraviroc (1-INH) was assumed to be directly
proportional to the receptor occupancy and was imple-
mented as shown below:

1-INH=1-Receptor Occupancy =1—-

2
Kp+C @
where Kp is the maraviroc plasma concentration that gives
50% of receptor occupancy and C is the maraviroc plasma
concentration.

Results

Population pharmacokinetic/pharmacodynamic
model

The maraviroc concentration-time data were appropri-
ately described by a two-compartment model with first-
order absorption and lag time. IIlV was included on
bioavailability (F1), lag time (ALAG1), absorption rate con-
stant (K,), volume of distribution from the central compart-
ment (V5) and rate constant between the central and
peripheral compartments (K>3). A significant improvement
of the model was also obtained when interoccasion vari-
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ability (IOV) was introduced on the absorption rate con-
stant for the three maraviroc plasma concentration-time
profiles measured after the first, seventh and eleventh
doses.

Exploratory graphical analysis revealed that maximum
CCR5 receptor occupancy was almost reached at some
points in time even at the lowest dose (i.e. 3 mg) (Figure 1).
Plotting the receptor occupancy vs. predicted plasma con-
centration confirmed that an effect compartment was not
required to describe this relationship (Figure 2). The final
model used to describe the receptor occupancy data was
an Enax model with baseline.

Goodness-of-fit plots and individual fits of the maravi-
roc plasma concentrations and receptor occupancy in
healthy volunteers and in HIV-positive patients revealed
that the model provides a good description of the maravi-
roc concentration and receptor occupancy data (not
shown). Table 2 gives the estimated PK-PD parameters
from the simultaneous fitting of the maraviroc plasma con-
centration and receptor occupancy data. All structural

Dose =3 mg
o - 100
AIOO.O o 5 oo O '.OA_
E L F o0 % %o 180
o L= ¢ o -
el S g {60
v 10 o
5 : ' 1 40
O 0|8 °
o ° ) o
r P o ®®® o\ 420
° 'Y
/
0.1 7\“ I I \. I L] 0
0 100 200 300 400 500
Time (h)
Dose = 25 mg
o
1000, © 4 100
~ ® O Oo. o
= L © - 80
£ 0©° ‘ g
%0 10.0 |- 0.
£ ‘. ’ 0o 169
v o ® o .‘
g i «*° ° e ° - 40
O 10} 8 \
® °
- 20
0.1 L1 I I I I | ] 0
0 100 200 300 400 500
Time (h)
Figure 1

320 29y %

220 294 %

model parameters were precisely estimated as demon-
strated by standard errors (SEs) of =13%, except for F1
parameters and ALAG1, where the SEs lie between 12%
and 21%.The reason for the larger SEs for these two param-
eters is most likely the fact that there were too few subjects
per dose to enable accurate estimation.The high intersub-
ject variability in ALAG1 is probably due to the fact that
some subjects had an ALAG1 close to zero and in others it
was much greater than zero.The high intersubject variabil-
ity and IOV of K, demonstrates that the oral absorption is
rather variable.No influence of the covariates was detected
on the PK parameters.

The maraviroc plasma concentration that gives 50%
of receptor occupancy (Kp) was estimated to be
0.0894 ng mI™. This value is below the lower limit of quan-
tification of the assay (i.e. 0.1 ng mI™). The fact that this
value (and Bo) are well estimated depends on the extrapo-
lated maraviroc plasma concentrations predicted by the
PK part of the model at the time of the receptor occupancy
observation.
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Maraviroc plasma concentrations (left axis, log scale, black circle symbol, solid line) and receptor occupancy (right axis, linear scale, open circle symbol, dotted

line) time course from four healthy volunteers
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Table 2

Estimated population PK-PD parameters of maraviroc in healthy volunteers and HIV-positive patients

Parameters Symbols Estimate
F13mg 01 0.139
F1 10 mg 02 0.166
F1 25 mg 03 0.265
F1 100 mg 1.00
F1 300 mg 02 2.27
F1 600 mg 05 2.50
ALAG1 (h) 06 0.01
Ka (h™") 07 1.14
K3 mg (h) g 0.104
K 10 mg (h™") 09 0.117
K 25 mg (h=") 010 0.129
K 100 mg (h™") 011 0.288
K 300 mg (h™" 612 0.358
K 600 mg (h™") 013 0.376
V2 o 614 754

K23 (h™) 15 0.074
K32 (™) 616 0.051
Emax % 017 66.8
Kp (ng mI”) 018 0.0894
Eo % 019 24.9
EPS1* CV(%) 38
EPS2t (%) 11

SE (CV%) 1V (CV%) IOV (CV%)

18
12
16
17
12
21
7.6
6.5
3.8
6.2
5.7
52
4.7
9.5
6.7
22
2.4
13 21
6 28
6.5
9.3

>100

89 60

31
24

*Multiplicative error model. TAdditive error model. 11V, interindividual variability; 10V, interoccasion variability.
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Figure 2

Observed CCR5 receptor occupancy vs. predicted (fitted and extrapo-
lated) plasma concentration in healthy volunteers. The vertical line indi-
cates the lowest limit of quantification (0.1 ngml™) of maraviroc in
plasma (which is not the same in all cohorts). The black solid line repre-
sents a fitted Ey.x model with baseline. The observed baseline receptor
occupancy is positioned at a maraviroc concentration of 0.001 ng ml™'

Model qualification

Figures 3 and 4 show the results of the simulations and
demonstrate that the PK-receptor occupancy model can
generally be used to predict the mean receptor
occupancy-time profiles of maraviroc in a dose range of
3-600 mg. However, the model predictions for the patient

study were slightly biased, as demonstrated in Figure 4.
With the 25-mg q.d. treatment in patients the predicted
receptor occupancy was slightly higher than that
observed; whereas with the 100-mg b.i.d. treatment in
patients, the predicted receptor occupancy was lower than
that observed.

Model assessment

Under the hypothesis of a direct relationship between
receptor occupancy and inhibition of the infectivity rate,
simulations of viral load were performed with the receptor
occupancy Ky fixed to 0.0894 ng ml™, the value estimated
from the population PK-receptor occupancy analysis. The
simulated decrease in viral load as a function of time was
markedly overpredicted compared with the decrease
observed (Figure 5), demonstrating that CCR5 receptor
occupancy by an antagonist such as maraviroc is not a
direct measure of the operational inhibition of the infec-
tivity rate of the virus.

Discussion

Maraviroc is a selective, small molecule nhoncompetitive
CCR5 antagonist with potent in vivo anti-HIV activity.
Maraviroc binds to CCR5 receptors on CD4+ cells, blocking
HIV entry into the cell. The relevance of including the mea-

surement of the receptor occupancy as a mechanism-
/ 91
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Maraviroc measured (circles) and mean simulated (solid lines) concentration-time profiles using the mean population PK-PD model parameters

based biomarker of efficacy (i.e. decrease in viral load) in
clinical trials was raised very early in the development of
maraviroc. Consequently, CCR5 receptor occupancy by
maraviroc has been measured in Phase 1 clinical trials in
healthy volunteers in order to characterize binding to the
receptor. Receptor occupancy was also measured in
patients on short-term monotherapy to evaluate the rela-
tionship between receptor blockade and viral load
decrease as a function of time.

An initial graphical analysis of the data obtained in
these trials revealed that CCR5 receptor occupancy was
around 60% at a dose as low as 3 mg b.i.d., which was
predicted to be an ineffective dose, as plasma concentra-
tion was below the in vitro antiviral ICs. At higher doses of
maraviroc which resulted in a decrease in viral load, recep-
tor occupancy values were close to saturation (Figure 2).

A population PK-receptor occupancy model was
developed in order to describe the data and to perform
some simulations to evaluate if receptor occupancy mea-
surements could predict decrease in viral load after treat-

92 / 65:Suppl. 1 / Br] Clin Pharmacol

ment with maraviroc. The development of a definitive
population PK model for maraviroc was not the aim of this
analysis. The population PK model developed for maravi-
roc in the present analysis was used solely to predict
plasma concentrations that were subsequently used to
characterize the PK-receptor occupancy relationship. A full
and comprehensive population PK analysis of Phase 1/2a is
described elsewhere [9]. A significant number of receptor
occupancy measurements were obtained at times when
the maraviroc concentrations were below the limit of
quantification.To be able to use this binding information in
the analysis, the maraviroc concentrations were extrapo-
lated at the time the receptor occupancy was measured
based on the structural PK model and the estimated indi-
vidual PK parameters. This extrapolation illustrates one
advantage of using a PK-PD model-based approach which
can predict PK concentrations at the times of the receptor
occupancy observations even if the PK measurements
were obtained at different times or were not quantifiable.
To minimize possible biases in this approach, the PK and
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Maraviroc measured (circles) and mean simulated (solid line) receptor occupancy vs. concentration using the mean population PK-PD model parameters

receptor occupancy observations were fitted simulta-
neously, so that both the PK and receptor occupancy infor-
mation was shared during the estimation of the model
parameters.

The PK-PD analysis revealed that the in vivo affinity of
maraviroc for the CCR5 receptors is very high (Kp of
0.089 ng mI™). This high affinity explains why high CCR5
receptor occupancies were already reached at the lowest
dose (i.e. 3 mg b.i.d.) tested in the healthy volunteer study.

The previous estimate of the ICs, value of around
8 ng ml™ for decrease in viral load is clearly different from
the currently estimated Kp value. The magnitude of this
discrepancy was further illustrated by comparing
observed and simulated viral load-time profiles using the
adapted PK-PD disease model (Figure 5); the new adapted
model based on CCR5 receptor occupancy grossly over-
predicted the effect of maraviroc on viral load. This indi-
cates that the newly estimated Kj value for CCR5 receptor
occupancy does not represent the operational inhibition
of the system. It can be suggested that it is the few remain-

ing free receptors that should probably be taken into
account in order to predict drug efficacy accurately. A more
detailed theoretical explanation of the discrepancy
between the Kp and ICso values, based on the operational
model of (ant-) agonism, can be found in a separate pub-
lication [10].

Based on the results of this analysis and taking into
consideration the relatively high imprecision of measure-
ments in the upper asymptotic part of the maraviroc con-
centration vs. percent CCR5 occupancy curve, and where
the effect on viral load seems to occur, it can be deduced
that routine monitoring of CCR5 receptor occupancy as a
biomarker for maraviroc efficacy at an individual level will
not be informative.

Conclusion

The comparison of the receptor occupancy and viral load
drop in patients reveals that maraviroc receptor occupancy
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Simulated (dotted lines) and observed (solid lines) viral load-time profiles
for the two dosage regimens (25 mg q.d. grey; 100 mg b.i.d. black) evalu-
ated in the patient’s study. The assumption is that the inhibition of the
infectivity rate of the virus is directly proportional to the CCR5 receptor
occupancy by maraviroc (simulation with the K fixed to the estimated
value of 0.0894 ng ml™)

close to the maximum is required to induce a significant
decrease in viral load. Considering the imprecision of the
measurement in the upper flat part of the maraviroc con-
centration vs. percent CCR5 occupancy curve and where
the effect on viral load seems to occur, it can reasonably be
concluded that routine monitoring of receptor occupancy
as a biomarker for maraviroc efficacy will not be helpful.
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